Physical parameters influencing optimization of ultrasound-mediated DNA transfection.
Ultrasound (US) has been shown to transiently disrupt cell membranes and, thereby, facilitate the loading of drugs and genes into viable cells. To address optimization of gene therapy applications, the aim of this work was to systematically determine the influence of physical parameters on transfection and viability of DU145 prostate cancer cells by two different DNA plasmids (pEGFP-N1 and pGL3). By sonicating cells in vitro in the presence of naked DNA, we found that transfection efficiency was increased by: 1. optimizing acoustic energy at 10 to 30 J/cm(2) (for our apparatus, at pressures above the cavitation threshold); 2. using 500-kHz US in the presence of Optison to nucleate cavition, rather than 24-kHz US without Optison; 3. increasing cell concentration from 10(6) to 10(7) cells/mL; and 4. changing temperature during sonication from 21 to 37 degrees C. The best conditions in this study increased transfection by almost 100-fold in the absence of significant DNA damage. Additional measurements indicated that less than one fourth of cells with DNA plasmid uptake into the cytosol showed DNA expression, which suggests that further optimizing transfection by US may require facilitating intracellular DNA trafficking.